Doodoooooobooonl

1 0000

0000 R=ReUR™, 0000 J=1{1,2,---,J}, 0000000000 Mj, Ma,..., My
00000,000,0000 ROOOOO (renewable) 0000 R*00000O00 (nonrenewable)
o000 Re"0O0000000O0. 000000 reRe0,00000 [t—1,¢) (t=1,2,---)0
oooobob Kyooooooooboooooobooooooob,oooooo00 rere0,0
ooooobooooo,bboobbooobobooobpoboon KeerOOoOoDODO. 00D, O
u,g,ggoboogbooddo,ggobbobobobbooouoboobooboooboa, o
bbb oo, ob oo, bbbbboobobobOoobo
0000000000, ooo0 jo000000000000000 M;000000000000
goooooooo, o joooool my UU0O0oooo,odnol py, 0000000
oooooon ij:ngjUR?,%nDDD.DD,DDDDDDDDDD,DDDDDD TGR,ES]_D
0000,0000000000000 kS, (=12, ,pw,), 0000000 re Ry 000

ms;ru

DI],k%’jn (0OO0000O0o00UOoo0ooooo)oooooOo.

T
0000000,000 j000000 mjeM;,000 0000 s,0000, (m,s)=((m;]|je
J),(s;1j€7)00000.00,0-100 zjm, O,

1,00 000000 mj(eM;) 000000,
Tim., =
I3 0, 00O,

guogoou.bbg,gboobooobooobooobobobobooboaon.

1. 0000
gboooooan:

Z kfﬁjr(t—sj') < Kﬁ?? re R t=1,2,---,T. (1)
jej'r‘t

0oo g 0,00 r00000,00 [f—1,¢4) 000000000000 (0000, ¢; 00
0 j00000 854 pm, 00000, Ju={j|reRS, s;+1<t<¢})000,T000
0000 (makespan) max;c; 00 00000O.

gbooooobgdn:

S Ephagm, < KX re R (2)
JET TERZN

O00000,0000000000,00000000000000C00000 (DOBO3.0
Ooooooooo).

2. 0000:
Cj1§3j27 jl '<j2- (3)
000d,<00000 gOoOoooOoooooooooooooooo.



goooon:
00 51,72 (j1<je) 0000,

Cj < Sja)
-/
Sj, <81, J €T, st.ocjy <sjr,

goooood n=<jp0000,000,000000000 r0D0OO0ODODOO

Cj1 < Sj,
-/
8j, <851, J €T, st.re RS e < sy,

el
m]/

re re
e Rmh,r € ij2 =

oo 00000000000 51 =<,7200000.

3. 00ooog:

0-100 @, 0000 5, 0000 ¢;, 0000 p; (=pm,) 00000000000, (OO
00000000000000000000000.)

00000000000000000,00000,0000000000000000,0000
00000000,000000000000000000000. 00,00000000000
0000000. 0000000000, 0000000000000000000. 0000, 0
00000,000000000000000(@O00)cpxd,cyad,... . Ccprd0,000000
00000000000000000000 (0000) e, e, et 0ooooooo0n
00,00000000((0000000)000,0000000000000000000000
0D000000000.0000000000,00000 c**0000,00000000 (00
0000)000 0(00D)0000000000000 R,00000 000000000
w (>0)00000.0000000,00000000000000000 P=3Ywp 00
O0000,00000.00000000000000000,000,(00)<(00)0000
D000000,R=max{0,(00)—(00)}0000000O0.

U: gboogooooo

00 sink 00000 ¢ 00000000

sin
Csink = 0 (6)

0000000, ¢, 00000000000. 00000 sink0,00000000000
0ooo000000000O0. 00 (60, (VjeJ,p;=000000)00000000
000000,00 (6)0000000000000000,00000000000000

2 OJooood

00000000,0000000000000000000000000000000000

O00,RCPSPOOD,000 j00000000000000000000 (m,s)00000.
0000000000000000,00000,000000(0O0000) m=(m, T, -,7))
0000,00000000000000000 (s,m)00000000000.0 (s,m)000,w
0000000000 00000 s, 00000000000000000000000000.
0D000,0000000,00000000(1),0000 3)000000000 (4)(5)0000
000000000000000000.000000000 ¢4 p, 000000000000
0000000,00000000000000000 PO0OOOOOODOOOO.O0000,00
0D00,0000 ¢cdpO0000000000000000,000000000000 Cpard
0O000oO0oooooooo.

O (m,w) 000 N(m,n) O,



() 000D j000000 m; 00000000 m)(eM;)00000,
(i) 00 r0000,0000 7, 000 7, 000000,

goobooooooobbooooouoobboooobo. boo,oboboobooobooboobooboo
0oo00o0O000o0oOoO00,000000000,0000 (m,m) 000000000 ;000
g,b000goooboobbooooooooooobobooobooboboobooobDb.bbo
go,0b0b000bobboobboo0oobooooog.

O0,00000000000000 tabutenure, 0000000D00OO.

3 Ud

400 300000bbOobOoboo0o0. DooobDoboUob sbooboo L, 2,30000,00
gbooooboooobooo.obobooboobb,0obbobobobboobDooDbD.

oo1 a2 uao 3

Ooo1 0Oo1/700 0OO0O2/1000 0OO3/400
oo2 0O03/900 OO1/500 0OO0O2/1100
Oo03 001/300 0OO3/900 0OO0O2/1200
004 0O02/600 003/1300 0OO01/900

go,000000 200000000000000000DO0O0,000000000,00 1000
gogo200o0oobooooboobboob. oo, bobboooobooon.

e J02000,0000000DO00.00000DOOO0ODODD4000D0O0,000000
ggbo,obo1oooobooooboooboog.

e 0 10D00OD0,001000DO0OOOO20000ODODOODODOODO.
e IOODODOOODLOOODODDODODO.

0000000000 O0000ooDooooooooDoOoOo, 12000 RCPSPOOOOOOOO. OO,
boboooboooobgooooooobo. oo, ooobooboboboooooobooDooDo
00,000000000000000000O0O 3.00000ODO)D0DODOOOD.O0O,200
000000000oopoo0oooOooOoOO,000b00DODODOO (6p)DbODDODOODO.

4 0OO0OUoooogag

gbboooooooo1goo.

5 Uubooobon

dboooboobooooobooboboo,oboboboooboboboooooooooooobooon
ogooo.



sch|DODDODO OO

‘main.c|] 00000000
—option.c| 0000 00000000000
readData.c| 00000000
lhash.c|000,000,000000000

—lexyyc| 0000 (lexOODOOD)
L {ytab.c| 0000 (yvaccDOODODO)
- {resource.c]0 0000000000
—activity.c|0 0000000000

‘mode.c|0 0000000000000

DDDDDDDDDDDDD

[constraint.c| 000 0000000000O0

ldata.c| 00000000
search.c |00 00O
[construct.c| 00000000
levaluate.c| 00 00
critical.c| 00000000000
—{sample.c| 000000000
lorder.c| 000000000000
- [Varc|0000D00D00000
[tabu.c| 00 0000
draw.c|00D00000000O

(Random.c| 00000

—[emorc] 00000

[memory.€] 00000

U lgbobooobood

gogoooobogoobon
ooooooo

1. 00o0bgoooo
2. 00000000000D0D0O0
3. 00000

gboodo,booboobobobobooooooobbob. oo, ooooboobbboooooag.
oo, mteger D000 DO0O0O0OO, 0000000000 inf, D0O00O0O0O0ODOO0O +,
-, % Max(-,"),Min(-,) 0000000 + -, Abs() 000000000000O000. 000, (O
00 inf+inf 00 0000)0000000000000OO00O. errey000000O0,000000
O ()0o0oooo. oo, Carray) * integer D00, 000 array O integer (> 1) 0000000



oooo(owoo,o,1,2,2,2,1,2,2,2,1,00 0,1,((2)*3,1)*x2, 0000 ). 0000 OO integer
Oinf 00000000000, sting0000000,000 -000000 (0)-00000000
00 ([integer]) D00 O0D0D0OO000OO (OO0, string00 0 job[1+1] rsclAbs(-2+¥2)]1 0000
0,000 job[2] rsc[41 00000000 0). 000, inf, Max, Min, Abs, PARAMETER, PROBLEM,
HORIZON, TARGET, ACTIVITY, RESOURCE, MODE, PRECEDENCE, CONSTRAINT, start_of, completion_of,
time_of U DOOUOOO, strng U0 U0LOOOOO0OOOOOD. OO0, 0000000,#0000
ugoooodguboobooooob.bgoboooboboo,bboooooobooobobaa.

1. 00o0o0oooon

gobooooooobobgoboooooboob 400000,

1.1. PARAMETER

PARAMETER string = integer

Ub0oDoooob,0dn string0 00 nteger 10 0000 O0DOODO.

1.2. 000

PROBLEM string

o00o0ooo0ooo0o0. 0000000,00000 (0000000 stdin) 00000000
oo.

1.3. 000000a0n

HORIZON integer

OO0O0OooOooog (0, integer] DODOODO. dnteger > 0000000000. OOOOOOO,
defineh 0000000 HORIZONO OOOOO. O00,00000 -horizon OO ODODODOONOO
og.

1.4. 00O

TARGET integer

O0000000000.000000 dnteger (>0) 0000000000000 00O0O0O0O0O0O
gboooo.ooboboo,obgg obbOb0bbOD.000,b0000 -targetJgooon
gooog.

2. 00000000000 000
RCPSPOOOOODOODOO,00,000000000DDODOOO.



2.1. 00

RESOURCE string = { amount:arrayl weight:array?2 }

(000O0)00 string0 000, 000000000,000000000000000O0OOOO
0.000,000 arrayl, array200 ¢t000,00 (t—1,¢)00000.00000 inf 000
gobooooooooboo.

2.2. 00000

MODE stringl = { time:integer }
MODE stringl

{ resource:string2 array }

obood stmngl OO0, 0000,00000000000000D0O0O0O0DO0O. OOO,
sting2 000000000 DODOODOODOO. 00,b0000010000000000D0.

MODE stringl = {
time:integer
resource: string2 arrayl
resource: string3 array?2

2.3. 00

ACTIVITY stringl
ACTIVITY stringl

{ mode:string2 }
{ mode:{---} }

00000 string2, 0000 {---3000000000000O0O0O stringz 000000 O0OODO
O0. string20000000000000O0ODOO0OO,{--}0,000000000 (“MODE string
=”’0004{¥Y0ooU0o0oooD)000000000. 00,000000,000000000 10
gooboboooooooo.

ACTIVITY stringl = { mode:string2 mode:{---} --- }

0o o
000000 ((@QO)000D0D00 source (sink) 000000000000, 000000000
00dooooood,sourced 000 sinkO0 O O000D0OOOOOOODODOOOOOODO.
source 00 sink 0, 00000000000 dummy D ODODOO0OO0O0O0OOODO. ODODOO
0oooooo,0joooboooooooboooo, oo, oboo0boboooboooga
(boooooooo).
U0, source, sink, dummy U , DO OO 0OOOOOO, 000000000000 stringU 0 OO
ogoooooooono.

3. 0goon

gbooboobd,RESOURCEH OO OOOOO0OOO0OOO0O,0000,00000o0o000
gobooooooo.



3.1. 0000

PRECEDENCE stringl
PRECEDENCE stringl

{ string2 -> string3 (time:integer) }

{ string2 >> string3 resource:string4

0000 string2 < stringd 0000000000 string2 <<strings string3d stringl 00 000
0. string2, string30 00000, string40 000000000000 ODOOOO. ODO0ODOODOO,
time:integer 0000000000, 0000000000 (string200000) + integer < (string3
O00000)00000000000. integer 00000000, 0000000 0O0ODQDDOOO.

00d0oo0ooOo,00dbo,0o0o0booo0oob0o0oo0o00oo0ooo0D. ooboooOoooo
000000000, dbooooooobobooo0b00ob0o0o0od00OooDoOo. booooobooOooo
oododoodooooooa.

3.2. 000000

gooodoodood, o100 zjy, 0O

1, 00 j000000 mOOODOO,
A
Jm 0, OO0,

oo, od s;,c,p, UO0OOOO0O0 jU0000,0000,0000000,0000000000
gboogoaoooo.

CONSTRAINT string = { weight:integer expression:terml term2 --- sign integer }

expression:J 0000000 (0)O0OOOOOO string 0000000 stringl, string2 0 00
00000000,00000000,00 termi, term2--- O

coeff [ stringl (string2)]

coeff [ start_of stringl]

coeff [ start_of sitringl (string2)]
coeff [ completion_of stringl]

coeff [ completion_ of stringl (string2)]
coeff [ time_of stringl]

coeff [ time_of stringl (string2)]

oooooobooooooo. stringl, string20 000000 4, 00000 mmO00O000,000
00,0000 zjm, S5, $jTjm, Cj, CiTjm, Dj, Pjxjm D OO0 0000, coeff 01 00000, integer O
0,00 +0 -goob,0bd0 \,-100bO000ob0o. 00000, 0obooonD +1d
000odoog. sign0,<=,=>00000000000000.

gooobobobboboobbuooooogobb, bbb oobooog,boob oo
O000000O00O000oOoOoOoOoOO0DOD (D00, inf00D00OODOOQOODODOO,0000O
Oo0oooooooooo).

0000,30000000000000000 (oODOO)OoooOOoOO.

HORIZON 100 # DU OO0 UOOODO -horizon UUUOODODODOOODODO

# 0000

RESOURCE machine[1]
RESOURCE machine[2]
RESOURCE machine [3]

{ amount: (1)*inf weight: (inf)x*inf }
{ amount: (1)*inf weight: (inf)x*inf }
{ amount: (1)*inf weight: (inf)=*inf }



# 0000 0000000

RESOURCE manpower = { amount: (2,2,2,2,2,0,0)*inf weight: (inf)=*inf }

# machine[2] OO OO0O
MODE express = { time: 4
resource: machine[2] (1)x*inf
1, 1, 0, O

resource: manpower

# 000000 activity[2]0 activity[4] OO0 O
ACTIVITY activity[1][1] = {
mode: { time: 7

resource: machine[1] (1)*inf #

resource: manpower 1, 1, (0O)*inf #
}
}
ACTIVITY activity[1][2] = {
mode: { time: 10
resource: machine[2] (1)x*inf
resource: manpower 1, 1, (0)*inf
}
mode: express # machine[2] DO0O0O0O0O0OO0O
}

ACTIVITY activity[l][B] ={
mode: { time: 4
resource: machine[3] (1)*inf

resource: manpower 1, 1, (0O)*inf

}
}
ooo0on
# 0000
PRECEDENCE activity[1][1]1_[1]1[2] = { activity[1][1] ->
PRECEDENCE activity[1][2]_[1]1[3] = { activity[1][2] ->
PRECEDENCE activity[2] [1]1_[2][2] = { activity[2][1] ->
PRECEDENCE activity[2][2]1_[2]1[3] = { activity[2][2] ->
PRECEDENCE activity[3][1]1_[3]1[2] = { activity[31[1] —->
PRECEDENCE activity[3][2]_[3]1[3] = { activity[3][2] ->
PRECEDENCE activity[4][1]1_[4]1[2] = { activity[4][1] ->
PRECEDENCE activity[4][2]_[4][3] = { activity[4][2] ->

# 000000
#PRECEDENCE activity[1][1]_[2]1[2] = {

gobooabboboogod
gbooobobo20b00d

activity[1] [2]
activity[1] [3]

activity[2] [2]
activity[2] [3]

activity[3] [2]
activity[3] [3]

activity[4] [2]
activity[4] [3]



# activity[1][1] >> activity[2] [2] resource: machine[1]
#}

# 000000010
CONSTRAINT num_express = {

weight: 100

expression: [ activity[1][2] (express)] + [ activity[2][3] (express)]

+ [ activity[3][3] (express)] + [ activity[4][1] (express)] <=1

}
# 00D0O0ODO0OO0
CONSTRAINT makespan = { weight: 1 expression: [completion_of sink] <= 0 }

gooog
make 000 ODODOOODOO,
% sch -help
oooooooooooooo.

Usage: sch [-draw] [-fixtenure] [-horizon #][-initial filename] [-input filename]
[-interval #][-iteration #][-(no)oneviolation] [-printdata] [-printinfo]
[-reduction #(%)] [-repeat #][-report #] [-save filename] [-seed #]
[-(no)sort] [-target #][-tenure #][-time #.#] [-verbose]

ub,0b0gooooouoooooobonon.

—-draw
Oo0ooooooooo.ooooooo.

-fixtenure
goooao (tabutenure)DDDDDDDDDDDDD.DDDDD oooo.

-horizon n
0o nO0oo0. 000000, 0o oooooo,oooooo
0000, defineh 00 O0O00OO0DOOO HORIZON.

-initial file
0000 file0 00000, fileO,-save 00 0000000000000 O0O0OOOO0O0O
ooo.

-input file
goo0ooooobooo. bbb ooo, oo oooooooao.

—-interval n
0do0d,n0000000000000O0. OODO0OOOObOODOoOobOoOoOooOoa ([]D[], O
DD,DDDDDDDDDDDDDDDDD).DDDDDD define.h 00O INTERVAL.

-iteration n
O00000000000.000000 define.h OO MAX_ITERATION.



-onecritical, -noonecritical
gboboooobooobobobbbooboobobb, 0oboob0o 10b00boboD
(-onecritical), 0O O OO (-noonecritical) 00 000. 000000 defineh OO
ONLY_ONE_CRITICALO TRUE (FALSE) 00 OO0 (O0O).

-printdata
gboboooboooobodobooooog.

-printinfo
gooooooobooooboooon.

-reduction p
000000, (000000000000 0DU0OD)0000OU YUOODOUOOODOO.
jpobobooooobobodoobobbooboobobooUU U, Do Uo
ud.

-repeat n
(00000000000 0)0D00 n0000D0. 0000000 1000000DODO.

-report n
O00,00000000000,0000n000000,00000.000000 define.h

U0 REPORT.

-save file
O0000,0000 fledd0D0OD0.000O0D0O0ODODOOD .dat0d000. -initial DO OO
godooooboooooooo,boooooooooooog.

-sort,-nosort
0000000000 ,00 -reduction00 0000000000 DOO0OO0ODOOOODOONO.
godooooooooouoooooon (—nosort),[][]D ooootuoooooood
goootoooooooouooooooooooooooao (—sort)[][]D ogo.ood
000 define.h OO SORT O FALSE(TRUE)[]D ooo (D D).

-seed n
oo0o0o00ooooooo.oooooo 1.

-target n
gooooooo.ooobbobo,booobocooobooboboboobo,oboboboooooon o.

-tenure n
00000000002, 00000.000000 define.h OO TENURE.

-time n
0000000 nO00000.000000 define.h 00O MAX_CPUTIME.

-verbose
godooooooouooooooooooooon.

JO0ogobooboboboooboooooo.bobobboooo,0boobbooog 30
(=defineh 00 INITIAL_TRIAL) OO O0OO0OO. 0000000000 O0OO0OOOOOOODOO
O000000000.000000,2200000000000 (makespan) 39000000, 0
gboooooobbooooobooooboobobooboobboob.oboboobobob,0o 380
go30oboobooooooooo.

10



==

./sch -iteration 100 -interval O -input sample

# PROBLEM: stdin

# HORIZON: 100

# TARGET: O

# max cpu time: 3.00[sec]

# max iteration: ---

# 1st seed: 1

# last seed: 1

# initial solution: randomly

# tabu tenure: adaptively controlled, initially set to 1
# 100% of candidates tested

# cpu time for reading data: 0.00[sec]
# cpu time for preprocessing: 0.00[sec]
# seed = 1

# generating 30 solutioms...

1: penalty = 153
penalty = 153 (iteration = 0, time = 0.00[sec])
2: penalty = 260
googd
30: penalty = 245

goooood

iteration = 0, time = 0.01, objective value = 45/45

penalty = 43 (iteration = 3, time = 0.01[sec])
penalty = 42 (iteration = 21, time = 0.01[sec])
penalty = 39 (iteration = 22, time = 0.01[sec])

)okkkkkkkkk best solution #kkskkskkskkk
source (dummy): O --> 0
activity[1] [1] (nonamel): 3 --> 10
activity[1][2] (noname2): 14 --> 24
activity[1][3] (noname3): 31 --> 35
activity[2] [1] (noname4): 0 --> 9
activity[2] [2] (noname5): 10 --> 15
activity[2] [3] (noname6): 24 --> 35
activity[3] [1] (noname7): 0 --> 3
activity[3] [2] (noname8): 22 --> 31
activity[3]1[3] (express): 35 --> 39
activity[4] [1] (nonamel0): 2 --> 8
activity[4]1[2] (nonamell): 9 --> 22
activity[4] [3] (nonamel2): 22 --> 31
sink (dummy): 39 --> 39

sokokskokskokokkok penalty sokkskokskokkkok
penalty = 39

# iteration = 22/100

11



# cpu time = 0.01/0.02[sec]
# tabu tenure = 3.62/7 (average/max)

goog

[1] K. Nonobe and T. Ibaraki, Formulation and tabu search algorithm for the resource constrained
project scheduling problem, Essays and Surveys in Metaheuristics, edited by C.C. Ribeiro and
P. Hansen, Kluwer Academic Publishers, pp.557-588, 2002.
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